Although gas exchange is achieved during high frequency ventilation by several mechanisms, some of which are imperfectly understood [1, 2] , one may postulate that its efficiency is related, at least in part, to the tidal volume at the level of the peripheral airways. The latter may differ from the tidal volume delivered by the ventilator, because of either resonant amplification, as suggested by Brusasco and colleagues [3] , or bronchial compliance. Such differences are likely to depend on the frequency of the oscillations and mechanical properties of the airways, lung and chest wall. In this study we have used a 10-coefficient monoalveolar model in order to predict the relationship between flow amplitude (or tidal volume) in peripheral airways (Vp) and in central airways (Kc) for various types of mechanical abnormalities ; and to assess if an abnormally low Vp/ Vc ratio, that is a poor peripheral ventilation, may be suspected by measuring ventilatory mechanical impedance [4] or the transfer function [5] between flows at the mouth and at the chest (Vw), as the latter could be monitored during high frequency ventilation using impedance plethysmography.
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10-COEFFICIENT MODEL
The model used in this study ( fig. 1) was not designed to simulate the effects of lung mechanical non-homogeneity and therefore it comprised a single airway and alveolar space. It was similar to that used by Rotger and colleagues [6] and included a central airway with its resistance (Re) and gas inertance (/c), a resistive peripheral airway (Rp), a lumped bronchial compliance (Cb), alveolar gas compliance (Cgas), lung tissue with its resistance (Rt) and compliance (CL), and chest wall resistance (Rw), inertance (/w) and compliance (Cw). Relationships between flows in the different branches or compartments are shown in figure 1: gas flow in the peripheral airway is equal to the difference between the flow in the central airway and the flow (Kb) through the shunt pathway representing bronchial compliance. Also, the rate of change of lung volume (FL) is the difference between peripheral airway flow and flow related to alveolar gas compression (Fgas). Finally, flow at the level of the chest is the sum of lung flow and airway wall flow.
Computer simulations using this model were performed using numerical values for coefficients representative of the normal situation and of various pathological conditions (table I) . Normal values were taken from various sources in the literature [7] [8] [9] . Peripheral airway obstruction was simulated by a fivefold increase in Rp, lung stiffness and chest wall stiffness by a 75 % decrease in CL and Cw, respectively, accompanied by a 50 % decrease in alveolar gas volume. Finally, the situation in which the airways are abnormally compliant was simulated by a four-fold increase in Cb. 
RESULTS AND DISCUSSION
The relationship between the flows in the different branches of the model in the normal situation is illustrated in figure 2 where the flows are represented in polar co-ordinates: the lengths of the vectors represent the flow amplitudes, and the angle between any two vectors represents the phase difference between the corresponding flows. 
Peripheral airway obstruction
Increasing peripheral airway resistance decreased greatly peripheral airway flow relative to central airway flow, a phenomenon which is important particularly when the oscillation frequency is high: at 20 Hz Vp is less than 30 % of Fc. On the other hand, peripheral obstruction does not modify the amplitude or the phase relationship between chest flow and central airway flow. Measuring the flow transfer function is therefore not helpful in detecting that type of abnormality.
In this respect it seems more useful to measure respiratory input impedance (Z), that is the amplitude ratio (|Zj) and phase difference (if/) of pressure and flow at the airway opening [4, 5] . Indeed, peripheral airway obstruction increases the effective resistance (i?e(Z) = |Z|cos^) at low frequencies and makes it frequency dependent ( fig. 3) , as demonstrated in a simpler model [7] . Peripheral obstruction also decreases the so-called imaginary part of impedance or reactance (/m(Z) = |Z]sin^) and increases the frequency at which /m(Z) is zero (resonant frequency). 
Stiff lung and stiff chest wall
The effects of decreasing lung compliance and of decreasing chest wall compliance, with a corresponding reduction in alveolar gas volume, are similar. In both instances, whatever the frequency, the relationship between Vp and Vc is almost unchanged with respect to the normal situation (table II) . The impedance curves are also modified little, except at very low frequencies (below 5 Hz) where the reactance is a little lower than normal. The amplitude ratio of chest flow and airways flow is unchanged also, but their phase difference is substantially less than normal, particularly at high frequency. This is almost the only indication that respiratory mechanical properties are abnormal. 
Increased bronchial compliance
Increasing Cb decreases peripheral airway flow by increasing shunt flow Vb. In other words, a larger part of the administered tidal volume is lost in vibrating bronchial walls, and does not reach the peripheral lung. This effect increases with increasing frequency, so that at 20 Hz Vp represents only one fourth of the input flow when Cb is four times the normal value. On the other hand, this situation has remarkably little effect on the flow transfer function and on impedance curves (fig. 4) ; the only noticeable difference is a moderate decrease in the effective resistance which, in practice, will hardly be recognized as an indication that peripheral airway flow is seriously impaired.
In summary, computer simulation suggests that, at high frequencies, two types of mechanical abnormalities (increased peripheral airway resistance and increased airway wall compliance) may considerably decrease peripheral lung ventilation with respect to ventilation at the airway opening. In contrast, lung or chest wall stiffness hardly influences peripheral ventilation for a given total ventilation. Measuring respiratory impedance may help in detecting peripheral airway obstruction which increases effective resistance and makes it frequency dependent. However, impedance is almost normal when bronchial compliance is increased, so that a normal impedance does not guarantee that peripheral ventilation is correct. Finally, measuring the relationship between flow at the chest and at the airway opening is of little help in detecting mechanical abnormalities likely to decrease peripheral airway flow. More work is needed to investigate how mechanical non-homogeneity of the lung may further alter peripheral ventilation and how it may be detected by external measurements.
